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Description 

[0001] This invention relates to a method of reading 
a pattern such as a bar code pattern which is useful In 
postal service; in distribution business or in manage- s 
ment of confidential documents or articles, and also re- 
rates to an optical system for reading signal from such 
a pattern. 

[0002] US patent number 3,566,120 discloses a gen- 
eral method for providing links with code components of f» 
compounds having narrow absorption bands in the in- 
frared on a substrate, and reading the coded information 
using infrared radiation. 

[0003] In recent years, a system for automatically in- 
putting information by making use of bar code has been « 
studied in various fields of industry. For example, there 
has been an attempt to print bar code corresponding to 
zip code and address on the surface of maBs such as 
postal cards so as to allow to sort mails automatically 
by reading the bar code on the mails, thereby enhancing » 
the efficiency of postal service. There has been also pro- 
posed a system in hospital wherein bar code corre- 
sponding to medical chart is printed on the surface of a 
consultation ticket for the patient so that as soon as the 
bar code on the consultation ticket is read by bar code 25 
reader, the medical chart can be automatically trans- 
ferred from file stacks to a doctor. Furthermore, the ap- 
plication of bar code is also studied for an automatic re- 
trieval system of official documents in government of- 
fice, for a management system for the entry and delivery 30 
of clothes in dry-cleaning business, for an automatic re- 
trieval system of training record from a training card in 
driver's school, or for a storage system of various goods. 
[0004] In the application of bar code for these sys- " 
terns, various problems are raised if the barcode is print- 35 
ed with the conventional black ink. For example, since 
characters indicating address are already written on the 
surface of mail, if the bar code array newly printed on 
the surface of mail is overlapped with these characters, 
the signals to be detected from the bar code may be *o 
accompanied with noise, thus making it difficult to read 
information correctly from the signals. This problem may 
become more serious when the length of the bar code 
array becomes longer for recording much information. 
Moreover, the black bar code printed on the mail not ohty « 
spoils the appearance of the mail but may make the 
characters already written thereon unreadable. 
[0005] Even if a color ink containing orange, blue or 
brown dye is employed in place of black ink for printing 
bar code, the same problem as in the case or bar code so 
made of a black ink would be raised if the colored bar 
code is overlapped with the characters already written 
on the mail. Further, there are also problems that some 
of dyes are harmful to human body and that many dyes 
are easily subjected to photo-degradation. ss 
[0006] With a view to solve these problems, novel ma- 
terial for forming bar code has been studied. For exam- 
ple, the employment of a fluorescent material which is 



capable of absorbing ultraviolet fight and emitting fluo- 
rescence in visible region is studied to form transparent 
bar code. In this case, the region Including bar code is 
irradiated with ultraviolet light as excitation light to cause 
fluorescence in visible region to emit, and the resultant 
fluorescence is detected as signals. 
[0007] European patent publication number 0 300 
729 discloses a system where a transparent fluorescent 
or polymeric ink bar code is read by emitting ultraviolet 
or. infrared radiation to the bar code and determining the 
difference m the intensity of fight reflected by the bar 
code. 

[0008] Further, we acknowledge that US-A-3566120 
disclosed a method 01 reading a pattern as defined in 
the pre-characterising portion of Claim 1. 
[0009] Since the bar code in this case is transparent 
in the ordinary conditions, the readability of the charac- 
ters already written on the mafi would not be hindered 
even if the bar code is overlapped with the characters. 
However, there is another problem that since white pa- 
per used for postal cards, for instance, generally con- 
tains fluorescent whitening agent, noise of considerable 
magnitude as compared with the signal from the bar 
code is detected from the paper, whereby deteriorating 
the S/N ratio. 

[0010] Accordingly, an object otthe present invention 
is to provide a method of reading a signal with a high SA 
N ratio from a transparent pattern (invisible pattern) 
which is free from any trouble in reading a signal from 
the pattern or in reading characters already written even 
if the pattern is overlapped with the characters. 
[0011] Another object of the present invention is to 
provide an optical system for reading a signal from such 
a transparent pattern as described above. 
[0012] The present invention provides a method of 
reading a partem as defined in Claim 1. 
[0013] In another aspect the present Invention pro- 
vides an optical system including a signal reader, as de- 
fined in Claim 3. 

[0014] This invention can be more fuBy understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, In which: 

FIG. 1 is a schematic view explaining the principle 
oT a reader for a pattern formed according to the 
present invention; 

RG. 2 is a schematic view explaining another prin- 
ciple of a reader a pattern formed according to the 
present invention; 

FIG. 3 is a schematic view explaining still another 
principle of a reader for a pattern formed according 
to the present Invention; 

FIG. 4 is a schematic view showing an example of 
an optical signal reader for a pattern formed accord- 
ing to the present invention; 
FIG. 5 is a schematic view showing another exam- 
ple of an optical signal reader for a pattern formed 
according to the present invention; 
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FIG. 6 is a schematic view showing stilt another ex- 
ample of an optical signal reader for a pattern 
formed according to the present invention; 
FIG. 8 is a perspective view showing a bar code 
character rings; 

FIG. 9 is a plan view illustrating the position of print- 
ing a transparent bar code pattern onto a shirt; 
FIG. 10 is a plan view illustrating the position of 
printing a transparent bar code pattern onto a bed 
sheet; 

FIGS. 11A to 11 C respectively show in plan view a 
mark to be formed in the vicinity of a transparent bar 
code pattern; in accordance with the present inven- 
tion; 

FIG. 12 is a schematic view showing the construc- 
tion of an optical signal reader for reading a trans- 
parent pattern with a colored mark in the vicinity 
thereof; 

FIG. 13 Is a schematic view showing the construc- 
tion of another example of an optical signal reader 
for reading a transparent partem with a transparent 
mark in the vicinity thereof; 
FIGS. 14A to 14C respectively show in plan view a 
transparent bar code pattern and a punch hole to 
be formed on a prepaid card. 

[0015] As mentioned above, the invention provides a 
method of reading a pattern comprising steps of heating 
or eradiating with infrared light a substrate on which a 
pattern that is transparent in the visible region is formed, 
said pattern containing a polymer, or a low molecular 
weight compound, having in either case a cyano group 
and being capable of absorbing infrared light of a spe- 
cific wavelength; and detecting infrared light from said 
pattern; characterized in that a mark is formed in the vi- 
cinity of the pattern region on said substrate, the mark 
being coloured coloured or else comprising a fluores- 
cent material capable of emitting visible fight upon ab- 
sorption of ultraviolet light. 

(0016J As for the shape of the pattern to be formed on 
the substrate according to this invention, there is no par- 
ticular restriction, i.e., the shape of pattern may be a lin- 
ear bar code symbol consisting of bars and spaces, or 
any other shape such as a two-dimensional symbol. The 
pattern formed on a substrate according to this invention 
is made of a transparent material, i.e., a material that is 
colorless and transmits fight in the visible region. There- 
fore, there is no possibility of raising problems of diffi- 
culties in reading signals from the pattern and reading 
characters that are already written even if the pattern is 
overlapped with the characters, unlike the conventional 
methods in which a Mack ink or a colored ink containing 
a dye bused for the pattern. 
[0017] In the present invention, the material used for 
the pattern such as bars of a bar code to be formed on 
a substrate is a transparent material containing a com- 
pound having a cyano group. Generally, the material 
containing a polymer as a main component may be used 
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for forming the pattern. More specifically, a polymer hav- 
ing cyano groups or a mixture comprising any base pol- 
ymer and a low molecular-weight compound having cy- 
ano groups may be used for forming the pattern. Spe- 
s dfic examples of polymer having cyano groups include 
poryacrylonrtrile and acrylonitrile-based copolymer. An 
example of the low molecular-weight compound having 
a cyano group is cyanobiphenyl. 
[0018] These materials are dissolved in a suitable SC+- 
»o vent, and the resultant solution is printed on a substrate 
by a suitable printing method and dried thus forming a 
pattern. Although there is not any particular restriction 
as tothe method of printing the pattern, the employment 
of a high speed printing method is preferred/Examples 
>« of such a high speed printing method are a printing 
method by an ink jet printer, a bubble jet printer or an 
ultrasonic ink jet printer using a transparent ink formed 
of a solution containing a polymer as a main component; 
a printing method by an electrophotographic printer ac- 
m cording to the Carlson process using a transparent loner 
containing polymer particles as a main component; and 
a printing method by a bar code character rings. 
[0019] Cyano group exhibits a characteristic absorp- 
tion at the region of 2260 to 2240 crrr 1 , which can be 
25 distinguished from the absorption spectra of other sub- 
stiluent groups. Meanwhile, paper used for mail, for ex- 
ample, does not contain cyano group. Therefore, the 
employment of an Infrared absorbing agent containing 
a cyano group is advantageous in enhancing the S/N 
30 ratio. 

[0020] In the present invention, the signal of the trans- 
parent pattern can be read by making use of an optical 
signal reader comprising means for conveying a sub- 
strate on which a transparent pattern containing a ma- 
35 terial capable of absorbing infrared fight is formed, 
means for heating or irradiating with infrared light a re- 
gion of the pattern formed on the substrate, and means 
for detecting infrared light from the region of pattern. 
[0021] There is no limitation regarding the means for 
<o heating or irradiating with infrared fight. For example, an 
infrared lamp may be employed, a hot air may be blown 
to the substrate, or the substrate may be contacted with 
a heat source such as a heat roller or a heat sink. As for 
the means for delecting infrared fight from the pattern 
45 Ihus healed or irradiated with infrared fight, a thermoe- 
lectric cooling type HgCdTe detector may be employed 
for instance. The pattern may be visualized by making 
use of a thermal image analysis system so as to perform 
an image analysis of the visualized pattern by means of 
so an image analyzer. When infrared light reflected from 
the pattern region is detected, the heating means or in- 
frared-irradiating means should preferably be arranged 
symmetrical with the detecting means. When the pattern 
is detected by a method other than detecting the infrared 
55 ligWrellectedfromtlwpatt^^^ 

restriction regarding the arrangement of the heating 
means or infrared-irradiating means in relative to the de- 
tecting means, since the infrared light radiated from the 
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pattern region have no directivity. 
[0022] The method of reading signals from the pattern 
according to this invention wiUbe further explained with 
reference to an example where a material having a cy- 
an© group is employed as an infrared-absorbing agent. 
[0023] Referring to FIG. 1 , a pattern 2 containing an 
infrared-absorbing agent having a cyano group is 
formed on the.surface of a substrate 1. An infrared ramp 
11 is arranged so as to irradiate a region Including the 
pattern (hereinafter referred to. as a pattern region) on 
the substrate with infrared light through a filter 13. If the 
niter 13 is capable of transmitting infrared light having a 
wavelength of 4 to 5 urn, the pattern containing an in- 
frared-absorbing agent having a cyano group can be se- 
lectively heated, but the substrate 1 is not heated so 
much. After the pattern 2 is heated for a sufficient lime 
to bring about a substantial difference in temperature 
between the pattern 2 and the substrate 1 , the substrate 
1 is conveyed so that the infrared fight radiated from the 
pattern is detected by means of an infrared detector 12 
to perform the reading signal from the pattern. 
[0024] In the embodiment shown fn FIG. 2, the sub- 
strate 1 is entirety heated by the infrared lamp 11, and 
after the pattern is heated for a sufficient time to bring 



the pattern 2 and the: 
veyed so that the infrared light of specific wavelength 
radiated from the pattern is detected by means of the 
infrared detector 12 through a filter 14 to perform the 
reading signal from the pattern. The heating of the entire 
surface of substrate 1 may be performed by blowing a 

- hot air onto the surface or by contacting a hot plate to 
the surface of substrate for a sufficient time to bring 
about a sufficient temperature rise of the pattern 2. 
[0025] Since a filter which is capable of transmitting 
only infrared light of specific wavelength region is dis- 
posed at the infrared-irradiation side or at the detector 
side, H is possible to further enhance the SIN ratio upon 
reading signal from the pattern. Namely, in the case of 
embodiment shown in FIG. 1 , for the purpose of selec- 
tively heating the pattern made of a material having cy- 
ano group, the filter capable of transmitting only infrared 
Dght of 4 to 5 pm in wavelength is disposed in front of 
the infrared lamp as a heating means. On the other 
hand, in the case of embodiment shown in FIG. 2, for 
the purpose of selectively detecting infrared light of spe- 
cific wavelength radiated from the pattern, a similar kind 
of filter as mentioned above which is capable of trans- 

- mitting only infrared light of 4 to 5 um in wavelength is 
disposed in front of the detector. These filters may be 
disposed in front of both infrared lamp and detector. 
[0026] The reading signal from the pattern may be 
performed as shown In FIG. 3. Namely, the infrared lamp 
11 and the infrared detector 12 are disposed symmetri- 
cal with each other with the pattern region on the sub- 
strate being located therebetween. The substrate is 
conveyed at a high speed while the pattern region on 
the substrate 1 is irradiated through the filler 13 with in- 



frared light corresponding to the absorption wavelength 
region peculiar to the cyano group from the infrared 
lamp 11, and the infrared light corresponding to the ab- 
sorption wavelength region of cyano group reflected 

5 from the pattern region is detected by an infrared detec- 
tor 12 through the filler 14, thereby to perform the read- 
ing signal from the pattern. In this case, the irradiation 
time of Infrared Dght is very short so that any sufficient 
difference in temperature between the substrate and the 

«> pattern would not be brought about However, since the 
magnitude of infrared light reflected from Ihe pattern fe 
relatively low due to the absorption by cyano group and 
the magnitude of infrared light reflected from the sub- 
strate is relatively high, it is possible to read signal from 

« the pattern. In this case, the ON/OFF of the signals to 
be delected becomes opposite to the case shown in 
FIG.1or2. 

[0027] It Is possible to employ an apparatus as shown 
in FIG. 4, wherein an infrared light source, an infrared 

20 detedcf,abeamspritter21andafilter22areintegrated 
together. The Infrared light from the light source is re- 
flected by the beamsplitter 21 and then passed through 
the filter 22 to irradiate the pattern region on the sub- 
strate 1. The infrared fight reflected from the pattem 2 

JS are passed through the filter 22 and the beam splitter 
21 to be detected by an infrared detector. 
[0028] It is also possible to employ an apparatus 
shown in FIG. 5, wherein a heater 31 and an infrared 
detector 32 are integrated together. The pattern region 

30 on the substrate 1 is heated by the heater 31, and then 
the infrared light radiated from the pattern is detected 
by an infrared detector 32- 

[0029] It is also possible to read signal from the pat- 
tern by employing an apparatus shown in FIG. 6. A 

35 three-dimensional object 41 having a pattern printed 
thereon is conveyed by a conveyor 42 while being heat- 
ed by a heater 51 . Then the infrared light radiated from 
the pattern thus heated are detected by ah Infrared de- 
tector 52 of a thermal image analysts system and dis- 

*o played on a monitor 53 thus visualizing the pattern itself, 
the visualized pattern being Image-analyzed by means 
of an image analyzer 54 (a computer). 
[0030] Although the above explanations are mainly 
concentrated on the cases where transparent bar code 

*5 pattern is printed on a paper sheet, this Invention Is also 
applicable to cloth. Namely, transparent bar code 
formed of a material containing a compound having a 
cyano group may be printed on clothes. In this case, the 
transparent bar code can be printed on clothes by mak- 

50 Ing use of a bar code character rings shown in FIG. 8. 
The bar code character rings has a number of rota table 
rings 71 assembled coaxlalfy, each ring 71 being pro- 
vided with a plurality of nozzles 71a corresponding to 
bar pattern. A molten polymer is supplied to the bar code 

55 character rings from feed pipe 72 and kept, while being 
heated, in the interior of the character rings. These rings 
are suitably rotated so as to set a combination of bar 
pattern, and then the molten polymer is extruded from 
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each of the nozzles thereby performing a hot melt coal- in FIGS. 11A to 11C. In these drawings, the transparent 
Ing to form a bar code pattern on the surface of dothes. bars are Btustrated as black bars for convenience sake. 
[0031] ' ■ A bar code pattern may be formed on the sur- In FIG. 11 A, the region of transparent bar code 2 is sur- 
face of clothes by sewing a'thread made of a polymer rounded by a frame line 3a. In the cases of FIGS. 11B 
fiber containing cyano group such as polyacrylonilrite 5 or 11C, a mark 3b or 3c is printed at the beginning of the 
fiber. The sewing of the thread on the surface of clothes region of transparent bar code Z In some cases, a trans- 
can be easily performed by using a computer-controlled parent mark containing a fluorescent material or a color- 
sewing machine In which data on the bar code pattern ed mark may be printed so as to cover the region of the 
. are stored. In this case, it is possible to prevent the transparent bar code. 

sewed thread from standing out of the clothes by em- »o [0038] When a colored mark is printed in the vicinity 
ploying a thread of the same color as that of the clothes. of the transparent bar code, a reader provided with a 
The thread formed of acrylic fiber is unharmful to human visible guiding beam source is employed. One example 
bodyandisfreefromdiscoloringordecaloringbysweaL of such a reader (a handy scanner) is shown in FIG. 12. 
The bar code made of the thread of acrylic fiber would This handy scanner 91 is provided, in addition to an in- 
not be damaged and cap be read without fail even if dry >« frared light source 93 and an infrared detector 94, with 
cleaning, washing with water. spirMlrying or sunlight visible guiding beam source 95 in parallel with the infra- 
drying is repeated a number of times. red light source 93. An optical fiber 97 Is connected to 
[0032] There b any particular restriction with respect the handy scanner 91 . Since this visible guiding beam 
to me kind of bar code. However, the employment of should preferably be excellent in directivity, the employ- 
two-dimensional symbol such as Data Code or Veri » men! of laser beam is preferable. According to this 
Code is preferable because the bar code Is formed on handy scanner, it is possible to accurately irradiate the 
a uneven surface of doth. Furthermore, these two-di- region of the transparent bar code with infrared light by 
mensfonal symbols are advantageous in recording preltonariryirradiabngihe beginning point of the trans- 
more information. parent bar code indicated by the colored mark with the 
[0033] According to this invention, the management 25 guiding beam. . 

of drydeaning service by making use of bar code can [0039] When a transparent mark containing a fluores- 
be performed as follows. cent material is printed in the vkanity of the transparent 
[0034] A bar code pattern is formed on an outer por- bar code, a reader providedwrlh a visible guiding beam 
Hon of doth when the cloth Is properly folded. For ex- source and an ultraviolet Sght source is employed. One 
ampte,intheca«ofshirtiar>arcc<lepattembformed. a> example of such a handy scanner is shown in FIG. 13. 
as shown In FIG. 9, on the pocket 83 or the back 84 of This handy scanner is 'similar in construction to that 
the shirt 81. either of which can be seen through the shown in FIG. 12 except that it is further provided with 
wrapper 82. In the case of a bedsheet, a bar code pal- an ultraviolet right source 96. According to this handy 
tern is formed, as shown in FIG. 10. on a portion 86 (up- scanner, the transparent mark is irradiated with ultravi- 
per right portion in the drawing) of the bedsheet 85, w olet light to be visualized, and then the beginning point 
which comes out to an outer surface as the bedsheet is of the transparent bar code indicated by the transparent 
folded. The bar code can be read by using optical read- mark is irradiated with the guiding beam thereby making " 
ers as shown in FIGS. 1 to 6. it possible to irradiate the transparent bar code region 
[0035] Byrxovfdingdotheswithabarcodeforrecord- with Infrared light accurately. 
Ingmformatlonondientortheconfuiwdity.itisrjo^ <o J0Q40] The method of detecting infrared light from the 
to manage the clothes effectively. Moreover, when such transparent pattern as explained above can also be uti- 
dothes are collected in a laundry, ft is possible to read lized as a method for preventing the counterfeiting of 
the bar code attached to the clothes thereby permitting certificates or prepaid cards, 
the clothes to be processed by means of computer at [0041J There have been proposed several methods 
me counterrflaundry so as to make it possible to rapidly « for preventing the counterfeiting of certificates, etc 
issue a receipt recording a charge and delivery date on However, none of these methods have been proved to 
the basis of Information from the bar code. be satisfactory. For example, a method of forming a re- 
[0036] In the present Invention, the transparent pat- lief on a certification photograph by strongly pressing a 
tern and the infrared tight for detection are invisible to stamp thereon is known since a long time ago. However, 
the naked eye. Therefore, it may be difficult to Irradiate so it is quite possible to form almost the same relief as that 
a transparent bar code region with infrared tight proper- of the true one by molding the shape of the true relief 
ly. TWs problem however can be solved by the present with day thereby manufacturing a stamp. A method of 
Invention of forming a mark Indicating the region of the stamping a taffy impression on a certification photo- 
transparent bar code. This mark may be a coloured graph is also known since a long time ago. However, the 
mark which may contain a dye, or a transparent mark 55 counterfeiting of the image of tally impression can be 
ccfltolrungafrucfescentrraterial^^ performed now without difficulty by making use of elec- 
ible light upon being exdled with ultraviolet light. tronic means. A method of adhering a seal printed with 
[0037] Specific examples of such a mark are shown a highly elaborate picture or with a hologram on a cer- 
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titration photograph is also known. It may be possible 
for a counterfeiter to peel off the seal and the true pho- 
tograph, and adhere a false photograph in place of the 
true photograph. However, it may be very difficult for the 
counterfeiter to reproduce the seal In high precision. 
Namely, these methods are based on the idea of inhib- 
iting the counterfeiting by increasing the counterfeiting 
cost However, since the manufacture of such a high 
precision seat requires a technique of high level as weB 
as a high manufacturing cost, this method is not widely 
applicable to general certificates. 
[0O42J ft may be conceivable for the prevention of 
counterfeiting to print, in addition to visible information 
such.as photograph, tally impression or signature for 
certifying a document to be genuine, a pattern corre- 
sponding to the visible information by making use of a 
transparent ink containing a fluorescent material on the 
surface of the document In this method, if the informa- 
tion obtained from the transparent pattern agrees with 
the visile Information, then the document is confirmed 
to be genuine. However, the presence of such a trans- 
parent pattern (such as bar code) can be easily recog- 
nized by irradiating the certificate with ultraviolet light by 
employing an Inexpensive UV ramp (black light) which 
is commercially available. Furthermore, ft is relatively 
easy for a counterfeiter to counterfeit the visible infor- 
mation and then to form a transparent pattern imitating 
the original pattern by making use of fluorescent paint 
avaDable in the market 

[0O43J In the present invention, a transparent pattern 
is formed on a certificate, the pattern being made of a 
' material capable of absorbing infrared light of specific 
wavelength, and corresponding to the visible informa- 
tion such as a photograph, a tally impression, or a sig- 
nature for certifying the document The confirmation of 
the document is performed by heating or irradiating with 
infrared light the transparent pattern region so as to de- 
tect Infrared tight from the transparent partem region, 
and then comparing the information obtained from the 
transparent pattern with the visible information. In this 
case, the transparent pattern may be printed at a posi- 
tion apart from that of the visible information. Alterna- 
tively, a transparent film may be formed on the visible 
information, and the transparent pattern corresponding 
to the visible, information may be formed on this trans- 
parent film. The shape of the transparent pattern may 
be a bar code or an image corresponding to the visible 
information. 

10044) AspecfrTcexampleoftheabovernethodwillbe 
described below. For example, when a document with 
a seal impression thereon is submitted by an applicant 
arid is approved by an authorized person, a replication 
of the image of the seal impression is printed on the doc- 
ument by the authorized person by making use of a 
transparent Ink. The existence of the transparent pattern 
of replication is invisible to the naked eye. Whelber the 
certiffcation document is genuine or not is determined 
as follows. First, the image of the seal impression is read 



by means of an image reader. On the other hand, the 
transparent pattern is read by means of a reader pro- 
vided with an infrared light source and an infrared de- 
tector. When information obtained from the genuine 

5 document is processed with a computer, the image of 
the seal impression would be found to be identical with 
. the image of the transparent pattern. However, if Only 
the seal impression on the document is counterfeited by 
a counterfeiter who does not know the existence of the 

10 transparent pattern, the information on the transparent 
pattern cannot be detected by the above reader. There- 
fore, ft is found that the document is counterfeited. In 
order to counterfeit such a document as described 
above, it required to provide an optical reader using in- 

is frared light, a computer technology and a printer, so that 
the counterfeiting cost would be very high, thus sup-, 
pressing any attempt to counterfeit a document Further, 
the region of the transparent partem may be covered 
with a transparent film. In this case, it is impossible to 

20 find out the transparent pattern to examine contact an- 
gles of water droplets, resulting in improvement of se- 
curity. 

[0045] Next, a method of preventing counterfeiting of 
a prepaid card willbe explained. In the case of telephone 

25 card, the remaining sum or remaining number of tele- 
phone calls available for use is recorded in the form of 
magnetic information, and also it Is approximately indi- 
cated by a punch hole for the convenience of the user. 
The counterfeiting of such a prepaid card may be pre- 

30 vented by comparing the magnetic information recorded 
therein with the information obtained from the position 
of the punch hole, thereby checking the consistency of 
the remaining number of telephone caBs. However, it is 
possible for a counterfeiter to decode the magnetic tn- 

35 formation recorded In the prepaid card by means of a 
magnetic reader and rewrite the magnetic information 
as well as to hide the punch hole with an adhesive tape. 
Thus, the counterfeiter can easily counterfeit the pre- 
paid card such as telephone card. 

to [0046] In a method of preventing counterfeiting of pre- 
paid card there is formed, on the prepaid card, a plurality 
of transparent patterns corresponding to remaining 
sums, for example, remaining numbers of telephone 
cads, and one of said patterns corresponding toare- 

<5 mainlng sum available for use Is punched at the time 
when the prepaid card is used, thereby making a hole. 
[0047] For example, as shown In FIG. 14A, on a pre- 
paid card, transparent bar code characters made of a 
material containing an infrared absorbing agent are 

so formed corresponding to the remaining numbers of tel- 
ephone calls. In this drawing, the transparent bars are 
depicted as black bars for convenience sake. However, 
ft should be understood that as a matter of fact these 
bars are Invisible to the naked eye. The numerals, for 

55 example, 0, 1, 2, eta, depicted at the tower portion of 
the drawing represent the remaining numbers of tele- 
phone calls, l.e. 0%, 10%, 20%, and so on. As shown 
in FIGS. 14B and 14C, at the time when the prepaid card 
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is used, the region of transparent bar code character for reading the bar code pattern by heating it and de- 
corresponding to the remaining number of telephone tecttng with a thermoelectric cooling type HgCdTe de- 
calls is punched, thereby making a hole. tedor. The specification of this detector is: allowable 
[0048] In order to check the remaining number of tel- temperature range 0 to 250°C; allowable wavelength re- 
ephone calls of this prepaid card, used is an optical s gjon 3 to 5.3 urn; minimum detectable dimension 85 urn; 
reader comprising an Infrared light source and an infra- and operation distance 13 mm. Specifically, a 100 W in- 
red detector. Namely, the transparent bar code is frradi- frared lamp fe positioned 3 cm above the paper to heat 
ated with infrared light while scanning so as to pass on the paper. After the paper is heated, the window of the 
the punch holes, and Infrared light radiated or reflected detector is immediately disposed in parallel with the sur- 
from the region of bar code is detected by the detector. 10 face of the paper, and the detector is scanned over the 
In this case, it is impossible to read a portion of the bar surface of the paper at a velocity of 3 m/sec to detect 
code pattern which has been punched. Therefore, the the ON/OFF of the signals. As a result, ON signals are 
remaining number of telephone calls available for use obtained due to heat radiated from the pattern of bars, 
can be indicated by the minimum number that cannot Further, when a filter for selectively transmitting infrared 
be read. For example, referring to FIG. 14B. the trans- is light of 4 to 5 um bi wavelength is disposed in front of 
parent bar code character corresponds to the number 1 the detector and the monitoring of the bar code pattern 
cannot be read, indicating that the remaining number of is performed in the same manner as described above, 
telephone calls available for use is not more than 10%. the S/N ratio has been enhanced by 10 times. 
In the case of F1G.14C, two transparent bar code char- [0053] Next, the paper is placed on a hot plate heated 
acters corresponds to the numbers 2 and 0 cannot be 20 to 80°C, and a monitoring is performed by making use 
read, indicating that the remaining telephone calls avail- of a thermal image analysis system (Thermovision 900, 
able for use is 0%. ToyoTechnka Co.). As a result, it is possible to identify 
[00491 ttmaybepossibleforacounterfeHertodecode the pattern of bars on the monitoring CRT. Likewise, this 
the magnetic information recorded in the prepaid card paper is heated via a filter for selectively transmitting 
r^irearac/areader.to rewrHetrterrBgneticinfomia- 25 infrared light of 4 to 5um in wavelength by means of an 
Hon so as to make the remaining telephone calls avail- Infrared lamp, and a monitoring is performed by making 
able for use to be 1 00%, and to hide the punch hole with use of the same thermal image analysis system as men- 
an adhesive tape. However, it would be very difficult to toned above. As a result, it is confirmed on the moni- 
reproduce the transparent bar code characters because taring CRT that the pattern of bars is selectively heated, 
they are invisible to the naked eye. Therefore, as for a so As explained above, since it is possible to read the bar 
prepaid card on which the transparent bar code charac- code pattern without requiring a scanner, the bar code 
tersare not reproduced, although the remaining number pattern can be taken up as an image by a computer 
of telephone calls obtained from the rewritten magnetic thereby allowing the image of the bar code pattern to be 
information Indicates 100%, the remaining number of analyzed. 
telephonecalbavai1ableforiisewouldbe0%according 35 
to the reading of the transparent bar code characters. Example 2 
From this discrepancy, the counterfeiting of the prepaid 

card can be easily revealed. [0054] Cyanobiphenyl is dispersed as an infrared ab- 
sorbing agent In a 5 wt% aqueous solution of polyvinyl 

EXAMPLES *> alcohol by making use of sodium stearate as a sur- 
factahL The content of cyanobiphenyl is 1 wt% based 

[0050] ThJsinventlonwPlbefurtherexplainedwithref- on the polyvinyl alcohol. By an ink jet printer using the 

erence to the following examples. dispersion as an ink, a bar code pattern consisting of 
ten parallel ban), each having a width of 4 mm and a 

Example 1 <* Ien^of20rrmwh^aspadngof4xnm,isprlntedona 
plain paper having visible characters printed In advance. 

[0051] PolyacrylonHrfle powder is dispersed as an in- When the paper is observed from the front thereof, the 

frared-absorblng agent In a5wt% aqueous solution of printed characters on the paper can be identified without 

polyvinyl alcohol at a ratio of 2 wt% based on the poly- any trouble. 

vinyl alcohol. By an Ink Jet printer using the dispersion so [0055] Then, this paper is heated by means of a hair 

as an ink, a bar code pattern consisting or ten parallel dryer. After this paper is heated, the window of a tber- 

bars, each having a width of 4 mm and a length of 20 moelectriccooTing type HgCdTe detector is immediately 

mm with a spacing of 4 mm, is formed on a plain paper disposed in parallel with the surface of the paper, and 

having visible characters printed in advance. When the the detector is scanned over the surface of the paper at 

paper Is observed from the front thereof, the printed 55 avelocityof3infsectodetecttheOWOFFoftheslgnals. 

characters on the paper can be identified without any As a result, ON signals are obtained due to heat radiated 

trouble. from the pattern of bars. 
[0052] Then, thispaper is subjected to an experiment 
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Example 3 

[0056) Polyester peDet and potyacrylonita'le pellet are 
respectively pulverized into particles having an average 
particle size of 11 um, thereby obtaining a toner contain- 
ing no pigment The ratio of the polyester particles to the 
polyacrylonitrile particles iscontrolled to 1:1 by weight 
By a laser beam printer using the mixture as a toner, a 
bar code pattern consisting of ten parallel bars, each 
having a width of 4 mm and a length of 20 mm with a 
spacing of 4 mm, is printed on a plain paper having vis- 
ible characters printed in advance. When the paper is 
observed from the front thereof, the printed characters 
on the paper can be identified without any trouble. 
[0057] Then, a 100 W infrared lamp is positioned 3 
cm above the paper to neat the paper. After the paper 
is heated, the window of the thermoelectric cooling type 
HgCdTe detector is Immediately disposed in parallel 
with the surface of the paper, and the detector is 
scanned over the surface of the paper at a velocity of 3 
m/sec to detect the ON/OFF of the signals. As a result. 
ON signals are obtained due to heat radiated from the 
pattern of bars. 

Example 4 

[0058] A thread of polyacrylonitrile fiber (acrylic fiber 
called Zacron, Mitsui Toatsu Co.) sewed on clothes each 
made of nylon, polyester, cotton or silk to form a bar 
code pattern by making use of a sewing machine. In this 
case, formed is the barcode of CODE 39 system where 
alphanumeric characters from 0 to 9 and from a tog are 
represented by narrow bars having a width of 2 mm and 
wide bars having a width of 6 mm. 
[0059] Then, the clothes with the bar code formed of 
a thread of acrylic fiber is irradiated with infrared tight 
via a filter capable of transmitting an infrared fight of 
around 2225 crrr 1 from, a siliconite heating element 
thereby selectively heating the bar code pattern. This 
bar code pattern is then observed as an image by mak- 
ing use of Thermovision 900 (Toyo Technka Co.). On 
the CRT screen, the portions where the threads exist 
are displayed in white, whereas the portions without 
threads are displayed in black. However, it is possible 
to display the color tone of the general bar code by re- 
versing the color tone of the Image. Thus, it is possible 



with a computer. 

[0060] Since the acrylic fiber cannot be dissolved by 
water or by a chlorinated organic solvent, it Is possible 
to read the bar code information In the same manner as 
mentioned above even after washing with water in a 
washing machine and sunlight drying for three hours or 
after dry-cleaning with a dry cleaner. 
[0061] Asarratter of factashM attached withactoth 
2 cm x 5 cm in size with a barcode formed by sewing a 
thread of acrylic fiber is subjected to a ten-time repetition 
of a dry cleanmg followed by ironing, and subsequently 
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the reading of the bar code is performed, finding that the 
bar code on the cloth can be read without any trouble. 
[0062]- In another test the samples of the aforemen- 
tioned cloth are exposed to UV light from a high pressure 

5 mercury lamp for 30 days, and subsequently the reading 
of the bar code from the samples is performed, finding 
that it is also possible to read the information from every 
samples without any trouble. 
[0063] When polyacrylonitrile (Zacron, Mitsui Toatsu 

'» Co.) containing 10% by weight of tributyl phosphate as 
a plastfctzer is employed for printing a bar code of CODE 
39 system by making use of a bar code character rings 
which is capable of heating up to 200°C. the almost the . 
same results as explained above can be obtained. 

15 

Example 5. 

[00641 CharactersofTOSHIBA96110areprintedwith 
a black ink on a plastic card made of polystyrene having 

20 a thickness of 1.9 mm. Then, a polyethylene film 8 urn 
in thickness is laminated on this plastic card and heat- 
seafed thereon at a temperature of 170°C. On the other 
hand, a styrenB-aaytaiitrile copolymer (weight ratio = 
7:3. Aldrich Co.) is dissolved in 1,1,2-lrichlwoethylene 

25 at a ratio of 1 wt% by weight to prepare a solution, which 
is then used as an ink for an ink jet printer, and a trans- 
parent bar code of CODE 39 system corresponding to 
the characters of TOSHIBA 96110 is printed on the pol- 
yethylene film. 

30 [0065] It Is Impossible to recognize the presence of 
the transparent bar code on the card with naked eye. 
Tnecard with the barcodeis irradiated with infrared light 
via a «ter capable of transmitting an infrared fight of 
around 2225 crrr 1 from a fight source apart from the card 

» by2cmfw30se<»rxis,therebysele(^elyheatlng.the 
bar code pattern. The infrared light radiated from the bar 
code pattern is then detected via a filter with an MCT 
detector. The speed of scanning is set to 1 cm/sec. As 
a result, the bar code can be displayed on an oscillo- 

40 scope where regions indicating infrared signals and re- 
gions indicating no infrared signal are dearly distin- 
guished. These signals are then decoded to obtain in- 
formation of TOSHIBA 96110. Meanwhile, the charac- 
ters printed with a black ink on the same card are read 

« by means of an image reader connected to a computer 
to obtain the information of TOSHIBA 96110. From the 
fact that the information obtained from the transparent 
bar code Is identical with the printed characters, it can 
be confirmed that the card Is genuine. On the other 

» hand, in the case of a cardinal the transparent bar code 
is removed as a result of counterfeiting, the Information 
from the transparent bar code cannot be obtained, thus 
determining the card as being counterfeited. 

55 Example 6 

[0066] A stamp is put on a sheet of paper. Then, a 
polyethylene film 8 urn in thickness is laminated on this 



8 



15 



EP 0789 316 B1 



16 



paper and heat-sealed thereon at a temperature of 
170°C. Then, the image of the stamp is read using a 
scanner and stored in a computer. Subsequently, a 
transparent image corresponding to the image of the 
stamp Is printed by making use of the same transparent 5 
ink and the same Inkjet printer as described in Example 
5. 

[0067] It is impossible to recognize the presence of 
the transparent bar code on the paper with the naked 
eye. Then, the paper with the bar code is Irradiated with »o 
infrared light via a filter capable of transmitting an infra- 
red light of around 2225 cmr 1 from a light source apart 
from the paper by 2 cm for 30 seconds, thereby selec- 
tively heating the region of the image of stamp formed 
with a transparent ink. The infrared tight radiated from « 
this image fomiedofthe transparent Ink Is then detected 
as an image via a filter by making use of a Thermovision 
900 (loyoTechnlca Co.). After this Image Is binarized 
to remove marginal blur, the resultant image Is reversed 
amldisrjIayedonacorr^erdisr^.Ontheotherhand. » 
the Image of the stamp itself on the same paper is read 
using a scanner. In this case, it can be confirmed that 
the paper Is genuine, if the image formed with the trans- 
parent Ink is identical with the image of the stamp itself. 
On the other hand, in the case of a paper thai the trans- JS 
parent image is removed as a result of counterfeiting, 
the information from the transparent image cannot be 
obtained, thus determining the paper as being counter- 
feited. 



Claims 

1. A method of reading a pattern comprising steps of! 

35 

heating or Irradiating with Infrared fight a sub- 
strate (1) on which a pattern (2) that is trans- 
parent*! the visible region is formed, said pat- 
tern (2) containing a polymer, or a low molecu- 
lar weight compound, having in either case a « 
cyanogroupand being capable of absorbing in- 
frared Bghl of a specific wavelength; and 
detecting infrared Hght from said pattern (2); 

characterized by locating a mark (3a. 3b, 3c) « 
formed In the vicinity of the pattern (2) region on said 
substrate, the mark being coloured or else compris- 
ing a fluorescent malerial capable of emitting vtefcle 
Hght upon absorption of ultraviolet light. 

50 

2. A method according to Claim 1, including the step 
. of reading the mark (3a, 3b, 3c). 

3. An optical system comprising: 

55 

. a substrate (1) on which a pattern (2) that is 
transparent in the visible region is formed, said 
pattern (2) containing a polymer, or a low mo- 



lecular weight compound, having in either case 
a cyano group and being capable of absorbing 
infrared light of a specific wavelength; 
and an optical signal reader comprising: 

means (11, 31, 51, 93) for heating or Irra- 
diating with infrared light a region of said 
pattern (2) formed on said substrate (1); 
and 

means (12, 32, 52, 92) for detecting infra- 
red light with a wavelength In the region of 
3 to 5.3pm radiated from said partem (2); 

characterized In that a mark (3a, 3b, 3c) is 
formed in the vicinity of the pattern (2) region on said 
substrate, the mark being coloured or else compris- 
ing a fluorescent material capable of emitting visible 
light upon absorption of ultraviolet light. 

4. Asystem according to Claim 3, the reader including 
means (91. 96) for Irradiating the mark (3a. 3b, 3c) 
with visible or ultraviolet light, depending on the 
mark being coloured or transparent and fluores- 
cent, respectively, for reading the mark. 

5. The method according to Claim 1 or 2, or an optical 
system according to Claim 3 or 4, in which said pol- 
ymer having a cyano group is polyaaylonitrile or an 
acrytmrtrile-based copolymer. 

6. The method according to Claim 1 or 2. or an optical 
system according to Claim 3 or 4, in which said sub- 
strate (1) is made of doth, and said pattern (2) is 
formed by sewing a thread made of fibers of poly- 
acrytonitrile or acrytonltrile-based copolymer. 

7. The method according to Claim 1 or 2, or an optical 
system according to Claim 3 or4, in which said ma- 
terial constituting said pattern (2) has a higher ther- 
mal conductivity than that of said substrate (1). 

8. An optical system according to Clafcn 3 or 4, in 
which at least either one of said means (11) for ir- 
radiating with infrared light and said means (12) for 
detecting Infrared Hght Is provided with a filter (13, 
14) capable of transmitting infrared light of 4 to 5pm 
In wavelength. 



PatentensprOche 

1. Verfahrenzum Lesen elnes Musters, mitfolgenden 
Schrfttem 

Erwarmen Oder Bestrahlen eines Substrate (1) 
mit infrarotem Licbt, auf dem ein Muster (2), das 
knsichlbaren Berefch transparent ist. ausgebil- 
det ist, wobei das Muster (2) ein Polymer Oder 
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eine Verbindung mit niedrigem Motekularge- 6. Verfahren gemaB Anspruch 1 oder 2, oder em op- 

wfcht enthatt, das/die In jedem Fall eine Cyan- tfeches System gemaB Anspruch 3 oder4, bei dem 

Gruppe umfasst und imstande ist, infrarotes das Substrat (1) aits Staff hergesteDt 1st und das 

Ucht einer spezfflschen WeBenBnge zu absor- Muster (2) durch Nanen efnes aus Fasern aus Po- 

bieren : 5 ryacryfnitra oder AcrylnitriKbasiertem Copolymer 

Erfassen von infrarotem Ucht von dem Muster hergestellten Fadens gebildet wird. 
(2); 

7. Verfarreng^BArepruch1oder2,oderelnop- 

gekennzeicbnet durch Anordnen elner Mar- tisches System gemaB Anspruch 3 oder 4, bei dem 

• ke(3a,3b, 3c).dlelnderNahedesBerelchsdes » das Material, das das Muster (2) WkJet, eine Where 

Miisters(2)aufdemSubstratausgebndetlst,wobel thermische Leitfahlgkeit als die des Substrats (1) 

dieMarkegefamtmlerareoretenelnfhioreszieren- aufweisL 
des Material umfasst, das imstande ist, sichtbares 

Ucht bei Absorption von uttraviolettem Ucht zu 8. Optfeches System gemaB Anspruch 3 oder 4 bei 

emmieren - » dem mindestens eines von dem Mfttel (11) zum Be- 
straWen rmt infrarotem Ucht und dem MHtet (12) 

2. Verfahren gemaB Anspruch 1 mit dem Schritt eines zum Erfassen von infrarotem Ucht mit elnem Fitter 
Lesens derMarke (3a, 3b, 3c). (13,14) versehen fet, das Imstande fet, infrarotes 

LkhtrrAeberWelJenlangevon4b!s5( 1 mdurch- 

3. Optisches System mit 20 zulassen. 

elnem Substrat (1), auf dem ein Muster (2), das 
im srchtbaren Berefch transparent 1st, ausgebS- 
det bt, wobei das Muster (2) ein Polymer oder 

eine Verbindung mit niedrigem Motekularge- 25 1. Precede de lecture (Tun motif comprenant les eta- 

wchtenthalt, das/die in Jedem Fait eine Cyan- pes consistent a : 
.Gruppe umfasst und Imstande ist, infrarotes 

Ucht einer spezifischen Wellenlange zu absor- chauffer ou flluminer avec de la lumlere Infra- 

***** rouge un substrat (l)surlequel est forme un 

und elnem optischen Slgnalleser mft so motif (2) qui est transparent dans la region vi- 
sible, ledit motif (2) contenant un pcJymere. ou 

einem Mittel (11, 31. 51. 93) zum Erwar- un compose a faibfe masse moleculaire. com- 

men oder Bestrahlen mit infrarotem Ucht portent dans les deux cas un groupement cya- 

eines Berefchs des auf dem Substrat (1) no et qui est capable tTabsorber de la lumlere 

ausgebfldeten Musters (2); 35 infrarc4^d > unelongue W dror)despecitique > et 

einem Mittel (12, 32. 52, 92) zum Erfassen detector de la lumlere irifrarouge provenant du- 

von Infrarotem Ucht mit einer Wellenlange ditmotif(2), 
in dem Berefch von 3 bfe 5,3 urn, das von 

dem Muster (2) abgestrahlt wird; caracterise par la localisation June marque 

*o (Sa.Sb.ScJformeeauvrjisinagedBlaregirjndurno- 

dadurch gekennzelchnet, dass eine Marke of (2) sur ledit substrat, la marque Stent cotoree ou 

(3a, 3b, 3c) In der Nahe des Berefchs des Musters comprenant sinon un materiau fluorescent capable 

(2)auf demSubstratausgebildetlst,wobeldleMar- rJemettre de la himiere vfeible lors de rabsorptJon 

ke gefarbt oder ansonsten ein ftuoreszierendes Ma- . cfune tumiere uKravtotette. 
terial umfasst, das imstande fet, sichtbares Ucht bei 4S 

Absorption von uttraviolettem Ucht zu emittieren. , 2. Proo6deselon larevendlcation 1, comprenant Teta- 

m ^ ■ P«c«islstamaliretemarque(3a.3b,3c). 

4. System gemaB Anspruch 3. wobel der Leser ein 

Mittel (91. 96) zum Bestrahlen der Marke (3a. 3b. 3. Systeme optique comprenant : 
3c) mB stehtbarem oder uttraviolettem Ucht abhan- so 

gig davoaob die Marke gefarbt otter transparent . un substrat (l)surtequel est forme unmoW (2) 

bzw. fluoreszierend 1st, zum Lesen der Marke urn- . qui est transparent dans la region visible, ledit 

fassL motif (2) contenant un porymere, ou un compo- 
se a foible masse moleculaire, ayant dans les 

5. Verfahren gemaB Anspruch 1 oder 2. oder ein op- 55 deux cas un groupement cyano et qui est ca- 
tlsches System gemaB Anspruch 3 oder4, bei dem pable tfabsorber de la lumlere ihfrarouge (Tune 
das Polymer mit einer Cyan-Gruppe Potyacrylnitra longueur d'onde speciflque. et 

oder ein AcrylnitnT-basierler Copolymer fet etun lecteur de signal optique comprenant : 
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un moyen (11. 31. 51. 93) destte a chauf- 
fer ou 3 Rluminer avec de (a lumiere infra- 
.. rouge une region dudit molif (2) forme sur 
ledit substrat (1), el 

un moyen (12, 32. 52. 92) destine a detec- s 
lerde la lumlere infrarouge ayant une ton- 
gueur tfonde dans la region de 3 a 5.3 jim. 
rayonnee a partir dudit motif (2). 

cararteriseencequ'ur>emartjue(3a,3b.3c) »o 
est formee au voisinage de la region du motif (2) 
sur (edit substrat, la marque etant cotoree ou com- 
prenant sinon un material* fluorescent capable 
cfemettre de la lumlere visible lors tfune absorption 
de lumlere utlravfolette. « 

4. Systeme selon ra revendkation 3. le lecteur com- 
prenant un moyen (91. 96) destine a rlluminer ra 
marque (3a. 3b. 3c) avec de la lumlere visible ou 
ultravfotette. suivant que la marque est coloree ou 20 
transparente et fluorescente. respecBvement, afin 

de lire la marque. 

5. Precede selon la revendkation 1 ou 2. ou bien sys- 
teme optique selon la revendkation 3 ou 4. dans is 
lequel ledit porymere comportant un groupement 
cyano est un potyaaytonitrile ou un coporymere a 
based'acrylonitrile. 

6. Precede seton la revendkation 1 ou 2. ou blen sys- 30 
teme optique selon la revendkation 3 ou 4. dans 
lequellednsubstrat(1)estfaadetlssti.etleditmo1lf 

(2) est forme en cousant un fit fait de fibres de po- 
ryacrylonitrile ou tfun coporymere a base (TacryJo- 
nHrile. K 

Precede seton la revendlcatlon 1 ou 2, ou bien sys- 
feme optique seton la revendkation 3 ou 4. dans 
lequel ledit matenau conslituant ledit motif (2) pre- 
senteuneconductwitethermiquesuperieureacene « 
dudit substrat (1). 

Systeme optique selon la revendkation 3 ou 4, 
dans lequel au moms run ou Tautre dudit moyen 
(11) destine a Skiminer avec de la lumlere infrarou- « 
ge et dudit moyen (12) destine a detecter de la lu- 
mlere infrarouge est muni cTun filtre (13. 14) capable 
de transmettre de la lumlere irrfrarouge cftine lon- 
gueur cTonde de 4 a 5 urn. 
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